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ABSTRACT 
 This thesis presents a literature research analyzing the cost overrun of the 
construction industry worldwide, exploring documented causes for cost overrun, and 
documented parties responsible for the inefficiency. The analysis looks at a comparison 
between the metrics of construction projects in different continents and regions. Multiple 
publication databases were used to look into over 300 papers. It is shown that although 
construction demands are increasing, cost overrun on these projects is not decreasing at 
the same rate around the world. This thesis also presents a possible solution to improve 
cost overrun in the construction industry, through the use of the Best Value Performance 
Information Procurement System (BV PIPS). This is a system that has been utilized in 
various countries around the world, and has documented evidence that it may be able to 
alleviate the overrun occurring in the construction industry. 
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Introduction  
More buildings will be built in the next 30 years than in the last 2000 years (CII, 
2015). In order to prepare for this it is necessary to understand the state of the current 
construction industry. Preliminary research on U.S. and U.K. construction identified that 
almost all construction projects had cost overrun. This leads to the necessity of a study to 
understand if every country with documented cost information will have similar cost 
overrun. (Rivera, 2014) 
 
Problem 
Only 2.5% of projects are defined as successful (scope, cost, schedule, & 
business) (Rivera, 2016), after finding out that there is documented cost overrun in the 
US and UK, and at an average of 27% over the given initial cost in 2006-2016 (refer to 
Table 6). The author has theorized that this cost overrun may be happening around the 
world. This is worrying due to the fact that if this is the state of the construction industry 
around the world, it means that there is massive inefficiency. If this is true it is necessary 
to find out why this is happening, and what the causes are for it. By doing so, it is 
possible to find a solution to decrease the cost overrun in the industry, thus making the 
industry a more efficient process.  
 
Hypothesis  
Due to the findings of the preliminary research done in construction in the U.S. 
and U.K., the construction cost overrun found in the U.S. and U.K is hypothesized that 
the construction metrics worldwide may show similar results.  
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Methodology 
In order to conduct this research, the author will do follow the following: 
1) Literature research on construction cost metrics worldwide.  
2) Literature research on major issues causing cost overrun worldwide. 
3) Analysis of worldwide construction cost data. 
4) Identify potential solutions to overcome cost overrun. 
5) Provide recommendations and conclusions 
 
Literature Research  
A study done by the Construction Industry Institute (2015) showed the below cost 
metrics throughout the construction industry worldwide.  (Lepatner, 2007; PWC, 2009; 
Yun, 2013): 
• 2.5% of projects defined as successful (scope, cost, schedule, & business). 
• 25 to 50% waste in coordinating labor on a project. 
• Management inefficiency costs owners between $15.6 and $36 billion per year. 
• An estimated $4 billion to $12 billion per year is spent to resolve disputes and 
claims. (Rivera, 2016) 
Based on these metrics it is necessary to identify all the countries around the 
world, which have documented cost information, that show related cost overrun. In this 
analysis, the author will look only at cost overrun, which is defined as the amount of 
money exceeding the original cost. 
Due to documented cost information, a total of 38 countries from 7 continents or 
regions were chosen for this literature research. This study looked at 300+ publications 
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and documented any relevant cost overrun information. It was found that only about 29 
publications met the criteria and had relevant cost overrun information. (Rivera, 2016)   
Table 1: List of Countries Researched (PBSRG, 2015) 
Regions Countries (# of Documented Papers) 
Total 
Countries 
Total 
Papers 
Africa 
Botswana (1). Ethiopia (1), Ghana (3) 
Kenya (1), Libya (1), Nigeria (11). 
Rwanda (1), Uganda (1), United Republic 
of Tanzania (1) 
9 21 
America Canada (1), USA (4) 2 5 
Asia 
Cambodia (1), China (1), Hong Kong (1), 
India (6), Indonesia (2), Korea (3), 
Malaysia (6), Thailand (2), Vietnam (2) 
9 24 
Europe 
Finland (1), Ireland (1), Netherlands (1), 
Norway (1), Portugal (2), Sweden (1), 
Turkey (3), United Kingdom (4) 
8 14 
Middle East 
Iraq (2), Jordan (2), Kuwait (2), Oman (2), 
Pakistan (2), Palestine (3), Qatar (1), Saudi 
Arabia (5), United Arab Emirates (2) 
9 21 
Oceania Australia (5) 1 5 
Multiple Regions Multiple Regions (5) n/a 5 
 
This study discovered that construction industry professionals around the world 
have not been able to deliver projects on budget, leading to low customer satisfaction. 
Even though consensus states that first world countries should have an easier time than 
other countries being on budget, and having high performance metrics as they have more 
advanced technology and bigger budgets, this study discovered that this is not the case 
and every country examined has similar cost overrun problems. Even though there have 
been many efforts to figure out the cause of this inefficiency in the construction industry, 
it has not been found. (Goff, 2014) 
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Cost Overrun Worldwide 
Bent Flyvbjerg, a professor in Oxford’s Said Business School, identified that it is 
not uncommon for major infrastructure projects to overrun by 50%. In fact, after looking 
at many of the large infrastructure projects around the world, he identified fifteen of the 
world’s largest cost overruns that ranged from 255% to as high 36,000% (CIMA, 2013). 
These statistics similarly match a study CII conducted on cost overruns on construction 
projects, which identified only 30% of projects completed within 10% of planned cost. 
Multiple continents around the world are facing this epidemic (see Table 2). (Rivera, 
2016)  
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Table 2: Cost Overrun (PBSRG, 2015) 
Countries Performance Information 
Australia 
Over the study period of 1995-2003, on average, a high construction 
project costs are more than $1M and have a cost overrun of over 
10%. 
China 
In 2014, a study claimed that China, as well as the rest of the world, 
has an average cost overrun of 28% on all types of infrastructure 
projects (rail, road, tunnel, bridge, etc.). 
Ghana 
In 2003, a study suggested that 38% of groundwater drilling projects 
in Ghana exceeded the original budget. 
India 
In 2012, a report published by the Ministry of Statistics and 
Programme Implementation (MOSPI) highlighted that 309 out of 951 
projects being monitored have cost overruns. 
Korea 
According to cost data available on social capital projects, 95 road 
projects and 100% rail projects have cost overrun up to 50%. 
Kuwait 
The construction of 33% of residential projects required additional 
budget to complete. 
Malaysia 
A study in 2013 indicated that only 46.8% of public sector and 
37.2% of private sector projects are completed within budget. 
Oman 
In 2010, a study of 4 public construction projects indicated that on 
average there is 28.61% increase in original budget. 
Portugal 
In 2007, a study of 66 construction projects indicated that the average 
cost overrun for a project is 12%. 
Saudi Arabia 
In 2015, more than three hundred project managers from different 
sectors and disciplines in the construction industry agreed that 80% 
of the projects were subject to costs overruns. 
Vietnam 
In 2004, a study with 109 participants in large construction projects 
(>$1 million) identified that project cost overruns occurred in 60% of 
these projects. 
 
Table 2 displays how common and how prevalent cost overrun is in almost all 
facets of construction.  To expand on these results, the author did a further analysis, 
which graphically shows the percent of projects that were over budget, from documented 
publications, in various countries. This can be seen in Figure 1.  
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Figure 1: % Projects over Initial Cost
 
As can be seen from Figure 1, every worldwide publication with documented cost 
metrics displays at least 20% of projects experiencing cost overrun and at most 100% of 
the projects experiencing cost overrun. In addition, the author also did an analysis to find 
how much over budget the projects documented in these publications were. The results 
are shown in Figure 2.  
Figure 2: Average % over Initial Cost
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As can be seen from Figure 2, although every project documented was over 
budget, not all the projects were over budget by a large amount. In fact, a few of the third 
world countries had better metrics than that of the first world countries. This does not 
allow for a conclusion that the third world countries have better cost metrics than first 
world countries, since this is only information from documented publications. It is 
possible that there is a lack of information present, or the information is skewed due to 
differences in amount of projects reported on.  
 
Cost Overrun Causes and Responsibility 
Due to the large number of issues present in projects within the construction 
industry, it is difficult for projects to be delivered on budget. Since the construction 
industry is beginning to take on even more projects and with larger scopes, it is becoming 
ever more difficult for resources and order to be maintained by any one party on a project 
and between supply chain participants (Lepatner, 2007; PWC, 2009; Yun, 2013). 
Contractors who are completing work in the projects are now expected to have more 
experience and knowledge in order to keep up with the demand of the industry due to the 
size of projects increasing (KMPG, 2015).  
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Table 3: Top 10 Causes of Non-Performance (PBSRG, 2016) 
Top Ranked Issues 
No. of 
Incidents 
Rank 
% 
Appearance 
 
Monthly payment difficulties/ 
financial problems 
47 1 15.3% 
Owner 
Poor project/contract 
management 
28 2 9.2% 
Owner 
Shortage of 
materials/equipment 
25 3 8.2% 
Owner 
Additional work/variation in 
client's decision/inadequate 
scope 
24 4 7.8% 
Owner 
Design change 23 5 7.5% Owner 
Poor planning and scheduling 22 6 7.2% Owner 
Poor qualification/shortage of 
labors 
19 7 6.2% 
Owner 
Delay in construction/other 
delays 
18 8 5.9% 
Other 
Unforeseen site condition 17 9 5.6% Unforeseen 
Poor/inaccurate estimate 16 10 5.2% Contractor 
 
Table 3 displays some of the results of the literature research, with the top 10 
documented issues that may have to do with scope, cost, and schedule overrun, in order 
of how often they occurred in the literature, and who is the responsible party for each 
issue. In order to better understand who may be responsible for the cost overrun that is 
occurring, first, it is necessary to show the documented responsible parties in the 
publications that were looked at from the various continents. The following pie chart 
(Figure 3) is a visual example to show which party is documented as most responsible for 
the overrun.  
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Figure 3: Documented Parties Responsible for Overrun 
 
 
 
 
 
 
 
 
 
Figure 3 shows that the majority of the documented responsibility of the cost 
overrun may be due to the owner of the project (40%) and the designer(17%), who is 
usually also on the owner’s side of the project. It is interesting to note that the contractor, 
who is usually the person actually completing the work has the least number of mentions 
as a responsible party in all the documented publications. 
Second, it is necessary to do a second pie chart (refer to Figure 4) on the data in 
Table 3 to visually show the difference in frequency between responsible parties from the 
documented issues.  
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Figure 4: Responsible Parties Based on Documented Issues 
    
From observing Figure 4 it is discernable that more than half (79%) the 
documented causes for project overrun are attributed to owner inefficiency. Figure 4 
shows a correlation, for who may be the most responsible party for cost overrun, with 
Figure 3, both having the owner as the most responsible at 40% in Figure 3, and 79% in 
Figure 4. This suggests that it may be that the owner is the most responsible party on a 
project when it comes to cost overrun.    
 
Global Cost Analysis 
In an analysis of the top 15 countries with documented cost overrun information, 
it was found that cost metrics around the world, no matter the location, showed cost 
overrun. The following table displays this information.  
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Table 4: Cost Overrun Worldwide (Rivera, 2016) 
Countries 
Cost 
Overruns 
Customer 
Satisfaction 
Korea 45.5% Dissatisfied 
Vietnam 30.0% Dissatisfied 
Turkey 28.8% - 
Oman 28.6% - 
India 26.1% - 
Thailand 25.0% - 
Nigeria 20.0% - 
Saudi Arabia 20.0% Dissatisfied 
China 20.0% - 
Portugal 12.0% - 
Australia 10.0% - 
Malaysia 10.0% Dissatisfied 
Bangladesh 8.4% - 
Kuwait 1.0% Dissatisfied 
International 28.0% Dissatisfied 
Average 20.4% Dissatisfied 
 
This table shows the cost overrun metrics from the 15 countries, ranging from 
45.5% to 1.0% with an average of 20.4%. This information is further supported by the 
following set of tables (Tables 5-7), the first of which, Table 5, displays metrics for the 
percent of projects that experienced cost overrun, and what percent they were overrun by, 
between 3 distinct sets of years.  
Table 5: Cost Overrun per Distinct Time Period 
Year % Projects Over Initial Cost % Over Initial Cost Amount 
1985-1995 52 36 
1996-2005 75 19 
2006-2016 61 22 
 
Table 5 indicates that even though technology and information has increased, cost 
overrun in the construction industry has maintained steady. This can be shown even 
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further in Table 6 which shows the percent of projects over budget in different regions 
and continents between these three distinct time periods.  
Table 6: % Project over Initial Cost per Time Period 
 1985-1995 1996-2005 2006-2016 
Africa N/A 80 65 
Asia N/A N/A 59 
Europe 52 73 38 
Middle East N/A 71 62 
North America N/A N/A 98 
 
Table 6 shows that even when separated, different regions of the world have 
similar documented cost overrun through the three distinct time periods, when referring 
to the percent of projects that were completed over budget.  
 The following table, Table 7, displays the percent amount that projects were over 
budget in these various regions and continents between the three distinct time periods.  
Table 7: % Amount over Initial Cost per Time Period 
 1985-1995 1996-2005 2006-2016 
Africa N/A 17 33 
Asia N/A N/A 16 
Europe 36 28 12 
Middle East N/A 1 20 
North America N/A 2 42 
 
As shown in Table 7, most of the regions and continents showed similar cost 
overrun through the different time periods. This supports the information from Table 5, 
and allows for the statement that cost overrun is occurring around the world. In order to 
show this in one table, based off the literature research done, Table 8 should be consulted 
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to show the overall percentage of projects that were over budget, and the percent of the 
budget amount they were over by region and continent. 
Table 8: Summary of Cost Metrics Worldwide 
 % Project Over 
Initial Cost 
% Over Initial Cost 
Amount 
Satisfaction 
Africa 69 29 Unsatisfied 
Asia 59 16 Unsatisfied 
Europe 50 29 Unsatisfied 
Middle East 65 15 Unsatisfied 
North America 98 28 Unsatisfied 
 
Table 8 also includes the overall owner satisfaction per region and continent for 
projects, which echoes the information given in Table 4. Thus, it can be concluded 
through an analysis of documented information, that cost overrun is a present within the 
worldwide construction industry. 
Potential Solutions 
Through the analysis of the documented information, it has been shown that there 
are many issues that may be related to cost overrun, and the most responsible party for 
cost overrun may be the owner. However, there have been no proven solutions found to 
alleviate the problem. The only possible solution documented was the Best Value 
method:  
“In a literature search for potential solutions to resolve the low performance in the 
delivery of services, the authors identified, that a CIB Task Group (TG61) performed a 
worldwide study in 2008 which identified innovative construction methods with 
documented high performance results. The study filtered through more than 15 million 
articles and reviewed more than 4,500 articles. In the end, the study found only 16 
articles with documented performance results. The Best Value (BV) Performance 
Information Procurement System (PIPS) was one of three construction methods found in 
those articles, and it was found in 75% (12 of 16) of the articles (Egbu, et al., 2008, 
Kashiwagi, 2013). The other two methods were the Performance Assessment Scoring 
System (PASS) and the City of Fort Worth Equipment Services Department (ESD - FT). 
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After further investigation, it was found that although the PASS had measured 
performance information, the system could not show any improvement in performance of 
their projects. The ESD - FT had measurements to show improvement in their projects, 
however, this system did not have documented information for how the process worked. 
It also was a process that was internal to the organization and did not involve projects 
with suppliers or other organizations. BV PIPS was the only process that had sufficient 
documentation showing that it could improve customer satisfaction and value on projects 
in the construction industry that involved suppliers.” (Rivera, 2016) 
 
About Best Value  
To show how effective BV PIPS has been and the impacts it has made in the 
industry, a list was compiled of nine instances that BV PIPS showed high performance: “ 
1. Most licensed university developed technology at Arizona State University with 
43 licenses issued by the innovation group AZTech at Arizona State University. PIPS 
tests have been conducted in 31 states in the U.S. and five different countries besides the 
U.S. (Finland, Botswana, Netherlands, Canada, and Malaysia). 
2. Documented performance of over 1800 projects or $6 billion (1629 projects, $4B 
construction and 89 projects, $2B non construction), customer satisfaction of 9.8 (out of 
10), 93.5% of projects on time and 96.7% on budget. 
3. Dominant results include Arizona State University business services and 
procurement department testing the PIPS system and generating $100M of revenue based 
on the method in the first three tests, and currently observing $110M a year from using 
the method.   
4. Research tests show that in procuring of services outside of construction, the 
observed value is 33% or an increase of revenue or decrease in cost of 33% (Kashiwagi, 
2013). 
5. Minimization of up to 90% of the client’s professional representative’s risk 
management efforts and transactions due to reduced risk levels and the transfer of risk 
management and accountability to the vendors. This is the only documented reduction in 
management in the construction management industry. 
6. In 2008, a CIB Task Group (TG61) performed a worldwide study identifying 
innovative construction methods with documented high performance results. The study 
filtered through more than 15 million articles and reviewed more than 4,500 articles. In 
the end, the study found only 16 articles with documented performance results. PIPS was 
one of three construction methods found in those articles, and it was found in 75% (12 of 
16) of the articles (Egbu, et al., 2008). 
7. In 2013, PBSRG sanctioned a follow on worldwide study to the CIB worldwide 
study in 2008 by Task Group 61 (TG61). The study’s objective was to identify all efforts 
(research or industry) around the world that are similar to its procurement model BV 
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PIPS, as well as the current construction performance. The study sifted through hundreds 
of papers, websites, and personal industry contacts, and found similar results to the first 
study. The BV PIPS was the only method with documented performance results (Rivera, 
2014). 
8. The results of PIPS testing has won the 2012 Dutch Sourcing Award, the 
Construction Owners of America Association (COAA) Gold Award, the 2005 CoreNet 
H. Bruce Russell Global Innovators of the Year Award, the 2001 Tech Pono Award for 
Innovation in the State of Hawaii, along with numerous other awards. 
9. Largest projects: $100M City of Peoria Wastewater Treatment DB project; $53M 
Olympic Village/University of Utah Housing Project; $1B Infrastructure project in 
Netherlands.” (Rivera, 2016) 
 
To emphasize how effective this method is, there was an audit and two studies 
done into verifying the effectiveness of BV PIPS. The audit was done by the State of 
Hawaii, and the two studies were done by two Dutch Researchers, Duren and Doree. All 
of these studies confirmed that BV PIPS is a very effective method to be implemented in 
order to increase efficiency as shown below:  
“Duren and Doree’s study found the following for BV PIPS projects performed in the 
United States: 
• 93.5% of clients who worked with BV PIPS identified that their projects were 
delivered on time. 
• 96.7% of clients who worked with BV PIPS identified that their projects were 
delivered within budget. 
• 91% of the clients stated that there were no charges for extra work. 
• 93.9% of the clients awarded the supplier’s performance with greater than an 8 
rating (on a scale from 1-10, 10 being the highest performance rating). 
• 94% of clients would hire the same supplier again.” (Rivera, 2016) 
 
Best Value Process 
The BV PIPS process has been very effective because it puts an emphasis on 
project preplanning and constant transparency. In order to prevent unqualified contractors 
from being hired for a project, there is a selection phase during which contractors 
compete depending on their level of expertise. Expertise is based on past performance 
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metrics, the expertise of the workforce, and the ability to identify risk on a project. The 
contractor that has the highest qualifications in the three areas then is able to move into 
the clarification phase. During this phase a contractor must simply explain how they plan 
to complete the project efficiently and with high customer satisfaction. To make it simple 
for the contractors, BV PIPS requires them to create a plan that includes the project’s 
scope, major milestones, budget, risk management plan (including foreseeable risks and 
how to prevent them), and performance metrics. Once this is complete, a contractor will 
set up a meeting with the owner to explain the project simply for approval to start the 
project. After a contractor receives approval for the project, they will begin working. 
During the project, contractors are expected to track their progress in an excel 
spreadsheet called the Weekly Risk Report (WRR). This is a document that tracks their 
progress weekly according to the categories laid out in the clarification phase. The WRR 
is submitted to the client weekly, in order to make sure that the owner has an 
understanding of how the project is progressing. At the end of the project the WRR 
becomes a document showing the performance of the project. (Rivera, 2016) 
Results Comparison 
It can be shown how effective BV PIPS has been through metrics taken from a 
documented 1989 projects completed by them, during which the average vendor and 
owner cost increase percentage can be shown in Table 9. 
Table 9: Best Value Cost Metrics 
Vendor Cost Increase % -0.1% 
Owner Cost Increase % 3.0% 
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These metrics are particularly impressive when compared to the percent of the 
amount that projects were over the initial cost around the world in the span of 2006-2016. 
Just comparing the BV PIPS Owner Cost Increase percent with the Percent Amount over 
Initial Cost in Table 10, it can be seen how BV PIPS has been able to decrease cost 
overrun within the projects it has been applied to.  
Table 10: Comparison of Cost Metrics 
Best Value Owner Cost Increase % 3.0% 
World % Amount Over Initial Cost 
(2006-2016) 
22% 
 
Utilizing the Best Value Approach, it may be possible to alleviate the cost overrun 
occurring in the construction industry. While there may be more optimal methods 
available suited for this problem in today’s industry, this is the best documented one the 
author managed to find.  
Conclusion 
As the construction industry continues to grow over the next 30 years, more 
buildings will be built in that time period than in the last 2000 years. Preliminary research 
done in the U.K. and the U.S. found that there was cost overrun occurring in almost all 
construction projects. Furthermore, only about 2.5% of projects are defined as successful 
in the documented worldwide construction industry, in terms of scope, cost, schedule and 
business. In the U.K. and U.S. it was found that the documented cost overrun averaged to 
about 27% over the given initial cost in 2006-2016. Due to these findings, it is 
hypothesized that with the cost overrun shown in the U.K. and U.S., there may be similar 
results shown worldwide. In order to conduct the research, first, a literature research was 
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done, then, an analysis of the research. Next, it was necessary to identify the potential 
solutions and provide a recommendation.  
In the literature research, publications from a total of 38 countries from 7 different 
continents of regions were looked at. About 300+ publications were looked at, and only 
about 29 publications met the criteria and had relevant cost overrun information. After 
looking at the metrics shown in the publications it was interesting to note that all the 
countries had documented cost overrun, and interestingly some third world countries had 
better metrics than the first world countries. By looking at the publications, a list of at 
least 10 major documented issues causing cost overrun were identified. Of those, the top 
3 were: Monthly payment difficulties/financial problems, with 47 incidents; poor 
project/contract management, with 28 incidents; shortage of materials/equipment, with 25 
incidents. While identifying these issues, it was also necessary to figure out who is 
responsible for each documented issue, and to compare those results to the documented 
parties responsible in the publications regardless of what issue they were related to. It 
was found that in both analyses the owner was most responsible for overrun in the 
projects and probably the most responsible for cost overrun on the construction projects. 
After looking at the cost overrun metrics of 15 countries, it was shown that the range of 
the cost overrun was from 1.0% to 45.5% with an average of 20.4%. In order to better 
understand this it was necessary to see how the cost overrun changed over 3 distinct 
periods of time, 1985-1995, 1996-2005, and 2006-2016. First, it was necessary to see if 
there were projects that were over the initial cost, and how much those projects were over 
the initial amount by. It was found that in all the time periods, there were at least 52% of 
projects that were over the initial cost, and those projects were at least 19% over the 
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initial cost. Next, it was necessary to see if these cost overrun metrics could be applied to 
the various continents and regions that were looked at. Throughout the 3 times periods it 
was found that there was cost overrun affecting each of the continents and regions looked 
at. All of them showed having projects that were over the initial cost, and what percent 
they were over by during the time periods. In a summary of the cost metrics, it was found 
that overall, the continents and regions had at least 50% of projects over the initial cost, 
and those projects were at least an average of 15% over the initial cost of the project.  
After researching and finding these various issues and parties that may be 
responsible for the cost overrun, a potential solution was never identified. The only 
possible solution documented was the Best Value method. This method was documented 
as having an audit and two studies done on it. It was found that 96.7% of clients that used 
this method had projects that were delivered on budget and that 93.5% of projects were 
delivered on time. This is done in by putting an emphasis on project preplanning and 
constant transparency. In order to prevent unqualified contractors from being hired, 
during which contractors compete, based on past performance metrics, and the contractor 
with the highest qualifications from the past performance metrics is then chosen and 
moves into the clarification phase. During this phase, the contractor interacts with the 
client as to how they plan to complete the project efficiently and with high customer 
satisfaction. In order to ensure transparency during a project, the contractor is required to 
fill out a plan that includes the project’s scope, major milestones, initial cost, risk 
management plane (including foreseeable risks and how to prevent them), and 
performance metrics. Once this is complete, the contractor meets with the owner to 
ensure they understand the plan for the project, and will then give the contractor approval 
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to carry out the plan. Throughout the completion of the project, the contractor is required 
to update a form called the Weekly Risk Report (WRR) in which they are able to update 
their progress in all the categories listed in the previous plan. Once the project is 
complete, the WRR serves as documented proof of the project and the performance 
during the project.  
Recommendation 
Though extensive, the author recognizes that this study’s findings can be 
strengthened through documenting and analyzing more publications per major region. 
Additionally, there may be undocumented and missing data for each region. Thus, it is 
recommended that more research be done in this area to possibly identify the cause for 
cost overrun, and the possible best solution to solve cost overrun. 
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 The following table shows a list of publications used, in the research for this 
document, and the corresponding paper code for each publication. 
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 The following table lays out the metrics found from each publication, identified 
by the paper code, and tells what country and the type of work that was being analyzed 
for each entry.  
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The following table lays out the performance metrics found in each publication, 
as identified by paper code, and who the paper states is the responsible party for the 
overrun experienced by a project.  
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d
 h
av
e 
th
e 
m
o
st
 
co
m
p
la
in
ts
. 
- 
M
E
JO
0
0
0
1
 
- 
In
 2
0
0
4
, 
a 
st
u
d
y
 
o
n
 4
5
0
 p
ri
v
at
e 
h
o
u
si
n
g
 p
ro
je
ct
s 
p
o
in
te
d
 o
u
t 
th
at
 t
h
e 
o
w
n
er
s'
 
d
is
sa
ti
sf
ac
ti
o
n
 w
it
h
 
th
e 
co
n
st
ru
ct
io
n
 
m
ay
 b
e 
in
fl
u
en
ce
d
 
b
y
 t
h
e 
p
sy
ch
o
lo
g
ic
al
 a
n
d
 
ir
ri
ta
ti
o
n
 
('
h
ea
d
ac
h
e'
) 
fa
ct
o
rs
 
as
so
ci
at
ed
 w
it
h
 t
h
e 
im
p
le
m
en
ta
ti
o
n
 o
f 
v
ar
io
u
s 
d
es
ig
n
, 
p
ro
cu
re
m
en
t 
an
d
 
im
p
le
m
en
ta
ti
o
n
 
p
h
as
es
 o
f 
th
e 
p
ro
je
ct
, 
an
d
 n
o
t 
so
le
ly
 a
 f
u
n
ct
io
n
 o
f 
ti
m
e-
d
el
ay
 a
n
d
/o
r 
co
st
 i
n
cr
ea
se
s.
 
- 
M
E
K
W
0
0
0
2
 
- 
In
 2
0
0
6
, 
a 
st
u
d
y
 o
n
 5
7
 
co
n
st
ru
ct
io
n
 
p
ar
ti
ci
p
an
ts
 a
n
d
 
7
6
 p
ro
je
ct
s 
su
g
g
es
te
d
 
o
w
n
er
s 
an
d
 
co
n
tr
ac
to
rs
 
w
er
e 
d
is
ag
re
ei
n
g
 
w
it
h
 e
ac
h
 o
th
er
 
w
h
en
 i
t 
ca
m
e 
to
 
id
en
ti
fi
ca
ti
o
n
 
th
e 
m
aj
o
r 
so
u
rc
e 
o
f 
d
el
ay
 
o
n
 p
ro
je
ct
s.
 
A
g
re
em
en
t 
d
eg
re
e 
b
et
w
ee
n
 
o
w
n
er
s 
an
d
 
co
n
tr
ac
to
rs
 
w
er
e 
5
6
.8
%
. 
- 
M
E
S
A
0
0
0
1
 
- 
In
 2
0
1
3
, 
th
e 
g
ro
w
in
g
 
ra
te
 o
f 
d
el
ay
s 
in
 
p
ro
je
ct
 
d
el
iv
er
y
 i
s 
co
n
si
d
er
ed
 a
 
m
aj
o
r 
cr
it
ic
is
m
 o
f 
th
e 
co
n
st
ru
ct
io
n
 
co
m
p
an
ie
s 
O
 
M
E
A
E
0
0
0
1
 
51 
 
- 
In
 2
0
1
0
, 
a 
st
u
d
y
 o
n
 
h
ig
h
w
ay
 
p
ro
je
ct
s 
in
d
ic
at
ed
 
th
at
 c
o
st
 
o
v
er
ru
n
s 
o
f 
h
ig
h
w
ay
 
p
ro
je
ct
s 
h
av
e 
a 
se
ri
o
u
s 
im
p
ac
t 
o
n
 
p
ro
g
ra
m
 
b
u
d
g
et
in
g
 
fr
o
m
 t
h
e 
v
ie
w
 o
f 
th
e 
o
w
n
er
 
- 
O
C
A
U
0
0
0
- 
In
 2
0
1
5
, 
a 
st
u
d
y
 o
n
 
4
9
 r
o
ad
s 
an
d
 
b
ri
d
g
es
 
p
ro
je
ct
s 
re
v
ea
le
d
 
th
at
 1
0
0
%
 
o
f 
th
em
 
h
ad
 t
im
e 
o
v
er
ru
n
 
is
su
es
 a
n
d
 
th
e 
av
er
ag
e 
d
el
ay
 r
at
e 
w
as
 
3
8
.8
8
%
 
O
 
M
E
S
A
0
0
0
- 
In
 2
0
0
4
, 
a 
st
u
d
y
 o
n
 
4
5
0
 p
ri
v
at
e 
h
o
u
si
n
g
 
p
ro
je
ct
s 
fo
u
n
d
 o
u
t 
th
at
 1
0
0
%
 
o
f 
th
em
 
ex
p
er
ie
n
ce
d
 d
el
ay
 
an
d
 t
h
e 
av
er
ag
e 
d
el
ay
 r
at
e 
w
as
 6
.4
%
 
C
,O
,T
 
M
E
K
W
0
0
- 
In
 2
0
1
6
, 
d
u
ri
n
g
 a
 C
II
 
A
n
n
u
al
 
C
o
n
fe
re
n
ce
, 
th
e 
P
re
si
d
en
t 
an
d
 C
O
O
 o
f 
B
ec
h
te
l 
G
ro
u
p
 
es
ti
m
at
ed
 
th
e 
in
d
u
st
ry
 
h
as
 b
ee
n
 
ex
p
er
ie
n
ci
n
g
 
9
8
%
 c
o
st
 
o
v
er
ru
n
s 
o
r 
d
el
ay
s,
 a
n
d
 
8
0
%
 a
v
er
ag
e 
co
st
 
in
cr
ea
se
. 
A
v
er
ag
e 
2
0
 
m
o
n
th
s 
p
ro
je
ct
 
d
u
ra
ti
o
n
 
d
el
ay
 
 
N
A
U
S
0
0
0
7
 
- 
In
 2
0
0
7
, 
a 
st
u
d
y
 o
n
 6
6
 
co
n
st
ru
ct
io
n
 
p
ro
je
ct
s 
v
ar
y
in
g
 i
n
 
n
at
u
re
 
su
g
g
es
te
d
 
th
at
 9
4
%
 o
f 
th
es
e 
p
ro
je
ct
s 
ex
p
er
ie
n
ce
d
 
d
el
ay
s 
w
it
h
 
av
er
ag
e 
d
el
ay
 r
at
e 
o
f 
4
0
%
. 
A
ls
o
, 
ab
o
u
t 
6
6
%
 
o
f 
th
es
e 
p
ro
je
ct
s 
ex
p
er
ie
n
ce
d
 
co
st
 
o
v
er
ru
n
s 
an
d
 
th
e 
av
er
ag
e 
co
st
 o
v
er
ru
n
 
ra
te
 w
as
 
1
2
%
 
O
,D
 
E
U
P
T
0
0
0
1
 
- 
In
 2
0
1
2
, 
a 
st
u
d
y
 o
n
 1
4
0
 
co
n
st
ru
ct
io
n
 
p
ro
je
ct
s 
in
 
M
al
ay
si
a 
fo
u
n
d
 o
u
t 
th
at
 9
2
%
 o
f 
th
em
 
ex
p
er
ie
n
ce
d
 
d
el
ay
 w
it
h
 
av
er
ag
e 
d
el
ay
 r
at
e 
o
f 
7
.5
%
, 
an
d
 
8
9
%
 o
f 
th
em
 
fa
ce
d
 c
o
st
 
o
v
er
ru
n
 
is
su
es
 w
it
h
 
av
er
ag
e 
co
st
 
o
v
er
ru
n
 r
at
e 
o
f 
7
.5
%
 
co
n
tr
ac
t 
p
ri
ce
 
D
,O
,C
 
A
S
M
Y
0
0
0
1
 
- 
In
 2
0
0
6
, 
a 
st
u
d
y
 o
n
 8
5
 
co
m
p
le
te
d
 
p
ro
je
ct
s 
fo
u
n
d
 o
u
t 
th
at
 8
9
%
 o
f 
th
em
 
ex
p
er
ie
n
ce
d
 
d
el
ay
s 
an
d
 
th
e 
d
el
ay
 
ra
te
 w
as
 
m
o
re
 t
h
an
 
2
0
%
. 
O
n
 t
h
e 
o
th
er
 h
an
d
, 
4
6
%
 o
f 
th
em
 
ex
p
er
ie
n
ce
d
 
co
st
 o
v
er
ru
n
 
an
d
 t
h
e 
co
st
 
o
v
er
ru
n
 r
at
e 
w
as
 m
o
re
 
th
an
 2
0
%
. 
- 
A
F
N
G
0
0
0
7
 
- 
In
 2
0
0
8
, 
a 
st
u
d
y
 o
n
 
1
5
4
 r
ai
l 
an
d
 r
o
ad
 
p
ro
je
ct
s 
co
m
p
le
te
d
 
b
et
w
ee
n
 
1
9
8
5
-2
0
0
1
 
fo
u
n
d
 o
u
t 
th
at
 m
o
re
 
th
an
 
8
8
.2
%
 o
f 
th
em
 w
er
e 
d
el
ay
ed
 
w
it
h
 
av
er
ag
e 
d
el
ay
 r
at
e 
o
f 
2
7
.5
%
 
O
,U
 
A
S
K
R
0
0
0
- 
In
 2
0
0
1
, 
a 
su
rv
ey
 f
ro
m
 7
2
 
co
n
st
ru
ct
io
n
 
p
ro
fe
ss
io
n
al
s 
su
g
g
es
te
d
 t
h
at
 
d
el
ay
s 
o
cc
u
rr
ed
 
o
n
 a
v
er
ag
e 
8
5
%
 
o
f 
p
ro
je
ct
s 
in
 
N
ig
er
ia
. 
O
,C
 
A
F
N
G
0
0
0
3
 
52 
 
- 
In
 2
0
0
8
, 
a 
ca
se
 s
tu
d
y
 o
n
 
2
8
 
in
fr
as
tr
u
ct
u
re
 
an
d
 b
u
il
d
in
g
 
p
ro
je
ct
s 
re
v
ea
le
d
 t
h
at
 
8
2
%
 o
f 
th
es
e 
p
ro
je
ct
s 
h
ad
 
ti
m
e 
o
v
er
ru
n
 
is
su
es
 w
it
h
 a
n
 
av
er
ag
e 
d
el
ay
 
ra
te
 o
f 
3
8
%
 
O
,T
,D
 
M
E
K
W
0
0
0
1
 
- 
In
 2
0
0
0
 a
 
st
u
d
y
 o
f 
1
3
0
 
p
ro
je
ct
s 
w
er
e 
co
n
d
u
ct
ed
 
an
d
 i
t 
is
 
fo
u
n
d
 t
h
at
 
T
h
e 
o
v
er
al
l 
d
el
ay
s 
w
er
e 
in
 1
0
6
 o
u
t 
o
f 
1
3
0
 
(8
1
.5
%
) 
p
ro
je
ct
s.
 
O
,C
,D
 
M
E
JO
0
0
0
1
 
- 
In
 2
0
1
2
, 
a 
st
u
d
y
 
o
n
 3
5
9
 p
ro
je
ct
s 
co
m
p
le
te
d
 b
et
w
ee
n
 
1
9
9
4
 -
 2
0
0
5
 
v
ar
y
in
g
 i
n
 s
iz
e,
 
p
ro
cu
re
m
en
t 
m
et
h
o
d
s,
 a
n
d
 t
h
e 
n
at
u
re
 o
f 
w
o
rk
s.
 
T
h
e 
fi
n
d
in
g
s 
w
er
e 
th
at
 5
4
.6
%
 o
f 
p
ro
je
ct
s 
ex
p
er
ie
n
ce
d
 c
o
st
 
o
v
er
ru
n
 a
n
d
 
av
er
ag
e 
co
st
 
o
v
er
ru
n
 r
at
e 
in
 
th
es
e 
p
ro
je
ct
s 
w
as
 
2
.0
8
%
; 
7
7
.7
%
 o
f 
p
ro
je
ct
s 
ex
p
er
ie
n
ce
d
 t
im
e 
d
el
ay
 a
n
d
 a
v
er
ag
e 
d
el
ay
 w
as
 4
9
.7
1
%
 
- 
A
S
M
Y
0
0
0
2
 
- 
in
 2
0
0
6
, 
a 
st
u
d
y
 o
n
 5
7
 
co
n
st
ru
ct
io
n
 
p
ar
ti
ci
p
an
ts
 
an
d
 7
6
 
p
ro
je
ct
s 
su
g
g
es
te
d
 
th
at
 7
0
%
 o
f 
th
es
e 
p
ro
je
ct
s 
ex
p
er
ie
n
ce
d
 
d
el
ay
s 
an
d
 
th
e 
av
er
ag
e 
d
el
ay
 r
at
e 
w
as
 2
0
%
 
O
,C
,D
,O
 
M
E
S
A
0
0
0
1
 
- 
D
u
ri
n
g
 1
9
7
0
-
1
9
9
9
, 
o
u
t 
o
f 
4
7
 
g
ro
u
n
d
w
at
er
 
p
ro
je
ct
s,
 3
3
 (
7
0
%
) 
w
er
e 
d
el
ay
ed
 a
n
d
 
3
8
 (
8
0
%
) 
w
er
e 
o
v
er
ru
n
s 
in
 b
u
d
g
et
 
O
, 
C
, 
U
 
A
F
G
H
0
0
0
1
 
- 
In
 1
9
9
9
 
G
o
v
er
n
m
e
n
t 
su
rv
ey
, 
p
u
b
li
c 
p
ro
je
ct
s 
ex
p
er
ie
n
ce
d
 d
el
ay
s 
in
 
7
0
%
 o
f 
th
em
 a
n
d
 
co
st
 
o
v
er
ru
n
 i
n
 
7
3
%
 o
f 
th
em
. 
- 
E
U
U
K
0
0
0
- 
In
 2
0
1
1
, 
a 
st
u
d
y
 o
n
 3
0
 
st
at
e 
p
ro
je
ct
s 
h
ad
 
id
en
ti
fi
ed
 
th
at
 6
0
%
 o
f 
th
es
e 
p
ro
je
ct
s 
ex
p
er
ie
n
ce
d
 
d
el
ay
 m
o
re
 
th
an
 1
0
%
 o
f 
o
ri
g
in
al
 
d
u
ra
ti
o
n
. 
A
v
er
ag
e 
d
el
ay
 r
at
e 
w
as
 2
3
.7
%
. 
O
,C
,T
 
A
S
M
Y
0
0
0
8
 
- 
In
 2
0
1
2
, 
a 
st
u
d
y
 
co
n
d
u
ct
ed
 b
y
 
In
fr
as
tr
u
ct
u
re
 
an
d
 P
ro
je
ct
 
M
o
n
it
o
ri
n
g
 
D
iv
is
io
n
 o
f 
M
in
is
tr
y
 o
f 
S
ta
ti
st
ic
s 
an
d
 
P
ro
g
ra
m
m
e 
Im
p
le
m
en
ta
ti
o
n
 r
ep
o
rt
ed
 
th
at
 o
u
t 
o
f 
2
0
5
 o
n
g
o
in
g
 
p
ro
je
ct
s,
 5
7
%
 
o
f 
th
em
 
ex
p
er
ie
n
ce
d
 
ti
m
e 
o
v
er
ru
n
. 
T
h
e 
av
er
ag
e 
co
st
 o
v
er
ru
n
 
w
as
 1
8
.1
%
 
- 
A
S
IN
0
0
0
3
 
- 
In
 2
0
1
2
, 
a 
su
rv
ey
 o
n
 
6
0
 
co
n
st
ru
ct
io
n
 
p
ar
ti
ci
p
an
ts
 
fo
u
n
d
 o
u
t 
th
at
 m
o
re
 
th
an
 5
6
%
 o
f 
th
ei
r 
p
ro
je
ct
s 
ex
p
er
ie
n
ce
d
 
d
el
ay
s 
D
,O
,T
,C
 
A
F
T
Z
0
0
0
1
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- 
in
 2
0
1
2
, 
 
th
e 
M
in
is
tr
y
 
o
f 
S
ta
ti
st
ic
s 
an
d
 
P
ro
g
ra
m
m
e 
Im
p
le
m
en
ta
ti
o
n
 i
n
 I
n
d
ia
 
re
p
o
rt
ed
 
th
at
 o
u
t 
o
f 
9
5
1
 p
ro
je
ct
s 
th
at
 t
h
ey
 
h
ad
 b
ee
n
 
lo
o
k
in
g
 a
t,
 
3
2
.5
%
 o
f 
th
em
 h
ad
 
co
st
 
o
v
er
ru
n
s,
 
an
d
 4
9
.8
%
 
o
f 
th
em
 
w
er
e 
b
eh
in
d
 
sc
h
ed
u
le
 
O
,C
,D
 
A
S
IN
0
0
0
1
 
- 
In
 2
0
0
4
, 
M
in
is
tr
y
 o
f 
S
ta
ti
st
ic
s 
an
d
 P
ro
g
ra
m
 
Im
p
le
m
en
ta
t
io
n
 
(M
O
S
P
I)
 
su
g
g
es
te
d
 
th
at
 o
u
t 
o
f 
6
4
6
 c
en
tr
al
 
se
ct
o
r 
p
ro
je
ct
s 
th
at
 
th
ey
 a
re
 
tr
ac
k
in
g
, 
4
0
%
 o
f 
th
em
 
w
er
e 
d
el
ay
ed
 a
n
d
 
th
e 
av
er
ag
e 
d
el
ay
 r
at
e 
w
as
 4
0
.2
3
%
. 
- 
A
S
IN
0
0
0
5
 
C
o
n
tr
ac
to
rs
’ 
d
at
a 
re
la
te
d
 t
o
 
th
e 
1
2
6
 p
u
b
li
c 
p
ro
je
ct
s 
th
ey
 
h
ad
 u
n
d
er
ta
k
en
 
in
d
ic
at
ed
 t
h
at
 
th
es
e 
w
er
e 
co
m
p
le
te
d
 w
it
h
 
an
 a
v
er
ag
e 
d
el
ay
 o
f 
3
4
.6
0
%
 o
v
er
 
th
e 
av
er
ag
e 
es
ti
m
at
ed
 
p
ro
je
ct
 
d
u
ra
ti
o
n
. 
T
h
e 
d
at
a 
o
b
ta
in
ed
 
fr
o
m
 p
u
b
li
c 
ag
en
ci
es
 
re
su
lt
ed
 i
n
 a
n
 
av
er
ag
e 
d
el
ay
 
o
f 
4
3
.6
5
%
 i
n
 
th
e 
2
5
8
 p
ro
je
ct
s 
th
ey
 h
ad
 
co
n
tr
ac
te
d
 o
u
t.
 
 
M
E
T
R
0
0
0
1
 
- 
In
 2
0
1
5
, 
a 
st
u
d
y
 o
n
 
4
0
 p
u
b
li
c 
p
ro
je
ct
s 
in
 
th
e 
la
st
 3
 y
ea
rs
 
re
p
o
rt
ed
 t
h
at
 3
8
%
 o
f 
th
em
 w
er
en
't 
co
m
p
le
te
d
 w
it
h
in
 t
h
e 
p
la
n
n
ed
 t
im
e.
 
C
,T
 
M
E
O
M
0
0
0
2
 
- 
In
 2
0
1
0
, 
a 
su
rv
ey
 o
n
 
1
1
0
 
co
n
st
ru
ct
io
n
 
p
ro
fe
ss
io
n
al
s 
su
g
g
es
te
d
 
th
at
 a
 
m
aj
o
ri
ty
 o
f 
th
em
 
ex
p
er
ie
n
ce
d
 
ti
m
e 
an
d
 c
o
st
 
o
v
er
ru
n
 i
n
 
m
o
re
 t
h
an
 
1
0
%
 o
f 
th
ei
r 
p
ro
je
ct
s 
D
,U
,O
,T
 
E
U
U
K
0
0
0
4
 
- 
In
 2
0
0
2
, 
a 
st
u
d
y
 o
n
 
6
1
 p
ro
je
ct
s 
co
m
p
le
te
d
 
b
et
w
ee
n
 
1
9
9
0
 a
n
d
 
1
9
9
9
 
es
ti
m
at
ed
 
th
at
 
av
er
ag
e 
d
el
ay
 r
at
e 
fo
r 
th
es
e 
p
ro
je
ct
s 
w
as
 9
2
.6
%
 
an
d
 
av
er
ag
e 
b
u
d
g
et
 
o
v
er
ru
n
 
ra
te
 w
as
 
1
7
.3
%
. 
- 
A
F
N
G
0
0
0
- 
In
 2
0
0
5
, 
a 
st
u
d
y
 o
n
 2
5
 
ra
il
w
ay
 
p
ro
je
ct
s 
co
m
p
le
te
d
 
d
u
ri
n
g
 1
9
9
8
-
2
0
0
2
 
su
g
g
es
te
d
 
th
at
 t
h
es
e 
p
ro
je
ct
s 
h
ad
 
an
 a
v
er
ag
e 
d
el
ay
 r
at
e 
o
f 
8
5
%
 a
n
d
 
co
st
 o
v
er
ru
n
 
ra
te
 o
f 
2
5
%
 
o
f 
th
e 
in
it
ia
l 
co
n
tr
ac
t 
d
u
ra
ti
o
n
 a
n
d
 
v
al
u
e 
re
sp
ec
ti
v
el
y
 
- 
E
U
P
T
0
0
0
2
 
- 
In
 2
0
0
7
, 
a 
st
u
d
y
 f
ro
m
 
2
0
 p
u
b
li
c 
p
ro
je
ct
s 
fr
o
m
 I
n
d
ia
 
re
p
o
rt
ed
 t
h
at
 
th
ei
r 
av
er
ag
e 
d
el
ay
 a
n
d
 
co
st
 o
v
er
ru
n
 
ra
te
s 
w
er
e 
5
5
.7
%
 a
n
d
 
2
6
.1
%
 
re
sp
ec
ti
v
el
y
 
O
,T
 
O
T
H
R
0
0
0
2
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- 
In
 2
0
1
4
, 
a 
st
u
d
y
 o
n
 2
6
6
 
co
n
st
ru
ct
io
n
 
p
ro
je
ct
s 
o
f 
U
n
iv
er
si
ty
 o
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 2
0
1
2
, 
a 
st
u
d
y
 o
n
 1
4
0
 
co
n
st
ru
ct
io
n
 
p
ro
je
ct
s 
in
 
M
al
ay
si
a 
p
o
in
te
d
 o
u
t 
th
at
 
sc
o
p
e 
ch
an
g
es
 
an
d
 p
o
o
r 
p
la
n
n
in
g
 s
ta
g
e 
w
er
e 
th
e 
se
co
n
d
 
m
aj
o
r 
fa
ct
o
r 
th
at
 c
au
se
d
 
p
o
o
r 
p
er
fo
rm
an
ce
 i
n
 
ti
m
e 
an
d
 c
o
st
 
an
d
 t
h
is
 f
ac
to
r 
co
n
se
q
u
en
tl
y
 
le
d
 t
o
 m
aj
o
r 
ch
an
g
es
 a
n
d
 
re
w
o
rk
 i
n
 
co
n
st
ru
ct
io
n
 
p
ro
je
ct
s.
 
O
,C
 
A
S
M
Y
0
0
0
1
 
n
o
 m
et
ri
cs
 
C
 
A
S
M
Y
0
0
0
4
 
- 
In
 2
0
0
8
, 
a 
st
u
d
y
 
as
su
m
ed
 c
o
st
 a
n
d
 
d
el
ay
 i
ss
u
es
 i
n
 
co
n
st
ru
ct
io
n
 p
ro
je
ct
s 
in
 V
ie
tn
am
 (
n
o
 
m
et
ri
cs
) 
an
d
 
at
te
m
p
te
d
 t
o
 f
in
d
 t
h
e 
ca
u
se
s 
b
y
 s
u
rv
ey
in
g
 
co
n
st
ru
ct
io
n
 
p
ro
fe
ss
io
n
al
 
O
,C
,D
,U
 
A
S
V
N
0
0
0
1
 
- 
In
 2
0
0
4
, 
a 
st
u
d
y
 
as
su
m
ed
 
co
st
 a
n
d
 
d
el
ay
 i
ss
u
es
 
in
 
co
n
st
ru
ct
io
n
 
p
ro
je
ct
s 
in
 
V
ie
tn
am
 (
n
o
 
m
et
ri
cs
) 
an
d
 
at
te
m
p
te
d
 t
o
 
fi
n
d
 t
h
e 
ca
u
se
s 
b
y
 
su
rv
ey
in
g
 
co
n
st
ru
ct
io
n
 
p
ro
fe
ss
io
n
al
 
O
,C
,D
,U
 
A
S
V
N
0
0
0
2
 
- 
In
 2
0
1
3
, 
u
se
d
 m
et
ri
cs
 
fr
o
m
 
M
E
S
A
0
0
0
1
 
O
,C
,T
,D
 
M
E
S
A
0
0
0
5
 
- 
In
 2
0
1
3
, 
a 
su
rv
ey
 o
n
 
2
5
 p
u
b
li
c 
o
w
n
er
s 
fo
u
n
d
 o
u
t 
th
at
 r
ew
o
rk
 
w
as
 o
n
e 
o
f 
th
e 
to
p
 
co
n
tr
ib
u
to
rs
 
in
 p
ro
je
ct
 
d
el
ay
s.
 
- 
M
E
S
A
0
0
0
5
 
- 
In
 1
9
9
4
, 
a 
st
u
d
y
 o
f 
m
o
re
 
th
an
 8
0
0
0
 
p
ro
je
ct
s 
co
n
d
u
ct
ed
 b
y
 
th
e 
S
ta
n
d
is
h
 
G
ro
u
p
 f
o
u
n
d
 
th
at
 o
n
ly
 1
6
 
p
er
ce
n
t 
w
er
e 
ab
le
 t
o
 s
at
is
fy
 
th
e 
fa
m
o
u
s 
tr
ip
le
 
co
n
st
ra
in
ts
 o
f 
p
ro
je
ct
 
m
an
ag
em
en
t:
 
to
 g
et
 t
h
e 
jo
b
 
d
o
n
e 
o
n
 t
im
e,
 
w
it
h
in
 
b
u
d
g
et
, 
an
d
 
ac
co
rd
in
g
 t
o
 
sp
ec
if
ic
at
io
n
s 
- 
O
T
H
R
0
0
0
7
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The following table displays the documented issues reported in each publication, 
as identified by paper code, and the empirical evidence supporting a responsible party for 
the issue.  
E
m
p
ir
ic
al
 
E
v
id
en
ce
 t
o
 
S
u
p
p
o
rt
 P
ar
ty
 
R
es
p
o
n
si
b
le
 
C
o
n
st
ru
ct
io
n
 
Is
su
es
 R
aw
 
P
ap
er
 C
o
d
e 
"A
cc
o
rd
in
g
 t
o
 t
h
is
 
su
rv
ey
, 
a 
co
m
m
o
n
 
fe
at
u
re
 o
f 
th
e 
lo
w
 
sa
ti
sf
ac
ti
o
n
 i
te
m
s 
is
 t
h
at
 
th
ey
 c
o
m
e 
o
u
t 
in
 l
at
er
 
p
h
as
es
 o
f 
th
e 
co
n
st
ru
ct
io
n
 p
ro
je
ct
. 
T
h
is
 
re
su
lt
 c
o
u
ld
 i
n
d
ic
at
e 
th
at
 
th
e 
co
n
tr
ac
to
r 
an
d
 
cu
st
o
m
er
 h
av
e 
n
o
t 
p
la
n
n
ed
 t
h
e 
co
m
p
le
ti
o
n
 
st
ag
e,
 o
r 
th
at
 i
t 
h
as
 b
ee
n
 
p
o
o
rl
y
 d
es
ig
n
ed
" 
 
E
U
F
I0
0
0
1
 
T
ab
le
 4
: 
T
o
p
 5
 d
el
ay
 
fa
ct
o
rs
: 
C
h
an
g
e 
o
rd
er
s,
 L
ac
k
 o
f 
ca
p
ab
il
it
y
 o
f 
cl
ie
n
t 
re
p
re
se
n
ta
ti
v
e,
 S
lo
w
 
d
ec
is
io
n
 m
ak
in
g
 b
y
 
cl
ie
n
t,
 L
ac
k
 o
f 
ex
p
er
ie
n
ce
 o
f 
cl
ie
n
t 
in
 c
o
n
st
ru
ct
io
n
, 
P
o
o
r 
si
te
 m
an
ag
em
en
t.
 
T
o
p
 4
 c
au
se
s 
ar
e 
as
so
ci
at
ed
 w
it
h
 
C
li
en
t.
 
 
M
E
A
E
0
0
0
1
 
T
ab
le
 6
: 
R
es
p
o
n
si
b
il
it
y
 
p
er
ce
n
ta
g
e 
o
f 
th
e 
ca
u
se
s 
o
f 
ea
ch
 
p
ar
ty
: 
1
. 
O
w
n
er
 
(5
3
%
) 
2
. 
C
o
n
tr
ac
to
r 
(2
7
%
) 
3
. 
C
o
n
su
lt
an
t 
(1
%
) 
4
. 
O
th
er
 
st
ak
eh
o
ld
er
s 
(1
9
%
) 
O
w
n
er
's
 r
is
k
 
fa
ct
o
rs
: 
1
. 
la
n
d
 
ac
q
u
is
it
io
n
 2
. 
R
e-
d
es
ig
n
in
g
 3
. 
L
in
e 
se
rv
ic
es
 
(u
ti
li
ti
es
 a
n
d
 
u
n
d
er
g
ro
u
n
d
 
se
rv
ic
es
) 
4
. 
v
ar
ia
ti
o
n
s 
in
 
es
ti
m
at
in
g
 
q
u
an
ti
ti
es
 
b
et
w
ee
n
 
d
es
ig
n
er
 a
n
d
 G
C
 
M
E
S
A
0
0
0
2
 
3
 m
o
st
 
fr
eq
u
en
tl
y
 
o
b
se
rv
ed
 
fa
ct
o
rs
: 
C
o
n
tr
ac
to
r-
re
la
te
d
 (
2
5
%
),
 
o
w
n
er
s'
 
fi
n
an
ci
al
 
d
if
fi
cu
lt
ie
s 
(2
2
%
),
 l
ab
o
r-
re
la
te
d
 (
1
3
%
) 
 
M
E
K
W
0
0
0
2
 
F
ig
u
re
 4
2
2
.6
: 
M
aj
o
r 
ca
u
se
s 
o
f 
d
el
ay
s:
 C
li
en
t 
an
d
 d
es
ig
n
 
re
sp
o
n
si
b
il
it
y
. 
F
ig
u
re
 4
2
2
.1
3
: 
M
aj
o
r 
ca
u
se
s 
o
f 
co
st
 o
v
er
ru
n
s:
 
D
es
ig
n
 e
rr
o
rs
, 
d
ir
ec
t 
ch
an
g
e 
o
rd
er
s,
 d
if
fe
re
n
t 
si
te
 c
o
n
d
it
io
n
s 
 
E
U
P
T
0
0
0
1
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T
ab
le
 3
: 
M
aj
o
r 
ca
u
se
s:
 1
. 
D
es
ig
n
 a
n
d
 
d
o
cu
m
en
ta
ti
o
n
 i
ss
u
es
 2
. 
D
el
ay
 i
n
 
p
ay
m
en
t 
fo
r 
co
m
p
le
te
d
 
w
o
rk
s 
3
. 
S
co
p
e 
ch
an
g
e 
an
d
 p
o
o
r 
p
la
n
n
in
g
 
 
A
S
M
Y
0
0
0
1
 
T
ab
le
 3
: 
1
. 
C
h
an
g
es
 i
n
 
p
ro
je
ct
 s
co
p
e 
2
. 
D
el
ay
 i
n
 
co
n
st
ru
ct
io
n
 3
. 
P
o
o
r 
es
ti
m
at
io
n
 
an
d
 a
d
ju
st
m
en
t 
o
f 
co
st
 (
lo
w
 
b
id
) 
4
. 
N
o
 
p
ra
ct
ic
al
 u
se
 o
f 
ea
rn
ed
 v
al
u
e 
m
an
ag
em
en
t 
sy
st
em
 
 
A
S
K
R
0
0
0
1
 
F
ig
. 
2
 C
li
en
ts
 w
er
e 
re
sp
o
n
si
b
le
 f
o
r 
6
2
%
 o
f 
d
el
ay
s,
 
C
o
n
tr
ac
to
rs
 w
er
e 
re
sp
o
n
si
b
le
 
fo
r 
3
2
%
, 
an
d
 o
th
er
 f
ac
to
rs
 
w
er
e 
re
sp
o
n
si
b
le
 f
o
r 
6
%
. 
C
li
en
t:
 r
ef
u
sa
l 
to
 p
ay
 f
o
r 
m
at
er
ia
ls
 f
lu
ct
u
at
io
n
s,
 
w
ro
n
g
fu
l 
an
d
 a
b
ru
p
t 
te
rm
in
at
io
n
 o
f 
th
e 
co
n
tr
ac
t 
b
ec
au
se
 o
f 
se
lf
is
h
n
es
s/
g
re
ed
, 
g
o
v
er
n
m
en
t 
p
o
li
ci
es
 a
n
d
 
in
st
ab
il
it
y
 i
n
 t
h
e 
sy
st
em
, 
n
o
t 
h
o
n
o
ri
n
g
 p
ay
m
en
t 
ce
rt
if
ic
at
es
 
fo
r 
co
m
p
le
te
d
 w
o
rk
s 
as
 a
n
d
 
w
h
en
 d
u
e.
 
C
o
n
tr
ac
to
r:
 i
n
co
m
p
et
en
ce
, 
d
el
ay
s 
in
 c
ar
ry
in
g
 o
u
t 
in
st
ru
ct
io
n
s 
o
n
 s
it
es
, 
p
o
o
r 
p
ro
je
ct
 s
u
p
er
v
is
io
n
, 
st
ri
k
es
 b
y
 
w
o
rk
er
s 
fo
r 
im
p
ro
v
ed
 
co
n
d
it
io
n
s 
o
f 
se
rv
ic
e.
 
A
F
N
G
0
0
0
3
 
T
ab
le
 7
: 
M
o
st
 o
cc
u
rr
ed
 r
is
k
 
fa
ct
o
rs
: 
1
. 
C
li
en
t 
in
d
u
ce
d
 
ad
d
it
io
n
al
 w
o
rk
 b
ey
o
n
d
 t
h
e 
o
ri
g
in
al
 s
co
p
e 
(8
7
%
 o
f 
p
ro
je
ct
s)
 2
. 
D
el
ay
s 
in
 
g
o
v
er
n
m
en
t 
ap
p
ro
v
al
s/
 p
er
m
it
s 
re
la
te
d
 t
o
 p
ro
je
ct
s 
(7
8
%
) 
3
. 
D
el
ay
 i
n
 p
re
p
ar
at
io
n
 a
n
d
 
ap
p
ro
v
al
 i
n
 v
ar
ia
ti
o
n
 o
rd
er
s 
(7
4
%
) 
4
. 
C
h
an
g
ed
 e
n
g
in
ee
ri
n
g
 
co
n
d
it
io
n
s 
fr
o
m
 t
h
e 
co
n
tr
ac
t 
d
o
cu
m
en
t 
(6
5
%
) 
 
M
E
K
W
0
0
0
1
 
T
ab
le
 1
: 
T
h
e 
m
aj
o
r 
ca
u
se
s 
id
en
ti
fi
ed
 
w
er
e:
 p
o
o
r 
d
es
ig
n
, 
ch
an
g
e 
o
rd
er
s,
 
w
ea
th
er
, 
si
te
 
co
n
d
it
io
n
s,
 
la
te
 d
el
iv
er
y
, 
ec
o
n
o
m
ic
 
co
n
d
it
io
n
s 
an
d
 
in
cr
ea
se
 i
n
 
q
u
an
ti
ty
. 
 
M
E
JO
0
0
0
1
 
T
ab
le
 7
: 
5
 
m
aj
o
r 
so
u
rc
es
 o
f 
d
el
ay
s:
 1
. 
O
w
n
er
 2
. 
C
o
n
tr
ac
to
r 
3
. 
D
es
ig
n
 
te
am
 4
. 
L
ab
o
r 
5
. 
C
o
n
su
lt
an
t 
 
M
E
S
A
0
0
0
1
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S
u
rv
ey
 r
an
k
in
g
s 
o
f 
m
aj
o
r 
fa
ct
o
rs
 r
es
p
o
n
si
b
le
 f
o
r 
p
ro
je
ct
 
d
el
ay
s 
an
d
 c
o
st
 o
v
er
ru
n
s 
ac
co
rd
in
g
 t
o
 c
o
n
tr
ac
to
rs
, 
co
n
su
lt
an
ts
, 
an
d
 o
w
n
er
s:
 
1
. 
M
o
n
th
ly
 p
ay
m
en
t 
d
if
fi
cu
lt
ie
s 
2
. 
P
o
o
r 
co
n
tr
ac
t 
m
an
ag
em
en
t 
3
. 
M
at
er
ia
l 
p
ro
cu
re
m
en
t 
4
. 
In
fl
at
io
n
 5
. 
C
o
n
tr
ac
to
r'
s 
fi
n
an
ci
al
 
d
if
fi
cu
lt
ie
s 
(n
o
t 
ag
re
ed
 b
y
 a
ll
 
3
 g
ro
u
p
s)
 6
. 
E
sc
al
at
io
n
 o
f 
m
at
er
ia
l 
p
ri
ce
s 
 
A
F
G
H
0
0
0
1
 
T
ab
le
 4
: 
T
o
p
 5
 d
el
ay
 
ca
u
se
: 
P
ra
ct
ic
e 
o
f 
as
si
g
n
in
g
 c
o
n
tr
ac
t 
to
 
lo
w
es
t 
b
id
d
er
, 
C
o
n
tr
ac
to
r'
s 
p
o
o
r 
si
te
 
m
an
ag
em
en
t,
 C
as
h
 f
lo
w
 
an
d
 f
in
an
ci
al
 d
if
fi
cu
lt
ie
s 
fa
ce
d
 b
y
 c
o
n
tr
ac
to
rs
, 
In
ef
fe
ct
iv
e 
p
la
n
n
in
g
 a
n
d
 
sc
h
ed
u
li
n
g
 b
y
 
co
n
tr
ac
to
rs
, 
P
ro
b
le
m
s 
w
it
h
 s
u
b
co
n
tr
ac
to
rs
 
 
A
S
M
Y
0
0
0
8
 
T
ab
le
 2
: 
T
o
p
 5
 
d
el
ay
 c
au
se
s:
 1
. 
d
es
ig
n
 c
h
an
g
es
 
2
. 
D
el
ay
 i
n
 
p
ay
m
en
ts
 t
o
 
co
n
tr
ac
to
rs
 3
. 
In
fo
rm
at
io
n
 
d
el
ay
s 
4
. 
F
u
n
d
in
g
 
p
ro
b
le
m
s 
5
. 
p
o
o
r 
p
ro
je
ct
 
m
an
ag
em
en
t 
 
A
F
T
Z
0
0
0
1
 
T
ab
le
 4
: 
T
o
p
 5
 
fa
ct
o
rs
 o
f 
n
o
n
-
p
er
fo
rm
an
ce
: 
1
. 
la
ck
 
o
f 
co
m
m
it
m
en
t 
fr
o
m
 
o
w
n
er
s 
an
d
 
co
n
tr
ac
to
rs
 2
. 
In
ef
fi
ci
en
t 
si
te
 
m
an
ag
em
en
t 
3
. 
P
o
o
r 
si
te
 c
o
n
d
it
io
n
 4
. 
Im
p
ro
p
er
 p
la
n
n
in
g
 5
. 
la
ck
 o
f 
cl
ar
it
y
 i
n
 
p
ro
je
ct
 s
co
p
e 
 
A
S
IN
0
0
0
1
 
S
ev
en
 m
aj
o
r 
fa
ct
o
rs
 a
re
 r
es
p
o
n
si
b
le
 f
o
r 
p
ro
je
ct
 d
el
ay
: 
(1
) 
p
o
o
r 
si
te
 
m
an
ag
em
en
t 
an
d
 s
u
p
er
v
is
io
n
 b
y
 
co
n
tr
ac
to
rs
, 
(2
) 
p
ro
b
le
m
s 
w
it
h
 
su
b
co
n
tr
ac
to
rs
, 
(3
) 
in
ad
eq
u
at
e 
p
la
n
n
in
g
 
an
d
 s
ch
ed
u
li
n
g
 o
f 
p
ro
je
ct
s 
b
y
 
co
n
tr
ac
to
rs
, 
(4
) 
p
o
o
r 
m
an
ag
em
en
t 
o
f 
co
n
tr
ac
to
rs
’ 
sc
h
ed
u
le
s,
 (
5
) 
d
el
ay
 i
n
 
d
el
iv
er
y
 o
f 
m
at
er
ia
ls
, 
(6
) 
la
ck
 o
f 
ef
fe
ct
iv
e 
co
m
m
u
n
ic
at
io
n
 a
m
o
n
g
 
p
ro
je
ct
 s
ta
k
eh
o
ld
er
s,
 a
n
d
 (
7
) 
p
o
o
r 
in
te
ra
ct
io
n
 w
it
h
 v
en
d
o
rs
 i
n
 t
h
e 
en
g
in
ee
ri
n
g
 a
n
d
 p
ro
cu
re
m
en
t 
st
ag
es
. 
 
M
E
O
M
0
0
0
2
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C
o
n
cl
u
si
o
n
s:
 T
o
p
 5
 
fa
ct
o
rs
 i
n
h
ib
it
in
g
 t
im
e 
an
d
 c
o
st
 c
o
n
tr
o
l 
p
ra
ct
ic
e 
in
 U
K
 w
as
 r
ev
ea
le
d
 a
s 
1
. 
D
es
ig
n
 c
h
an
g
es
 2
. 
R
is
k
s 
an
d
 u
n
ce
rt
ai
n
ti
es
 3
. 
In
ac
cu
ra
te
 e
v
al
u
at
io
n
 o
f 
p
ro
je
ct
 t
im
e 
/ 
d
u
ra
ti
o
n
 4
. 
C
o
m
p
le
x
it
y
 o
f 
w
o
rk
s 
5
. 
N
o
n
-p
er
fo
rm
an
ce
 o
f 
su
b
co
n
tr
ac
to
rs
 
 
E
U
U
K
0
0
0
4
 
T
ab
le
 2
: 
T
o
p
 3
 
re
as
o
n
s 
th
at
 
ac
co
u
n
te
d
 f
o
r 
d
el
ay
: 
1
. 
L
en
g
th
y
 
p
ro
ce
d
u
re
 f
o
r 
co
n
tr
ac
t 
ev
al
u
at
io
n
 a
n
d
 
aw
ar
d
 2
. 
P
ro
cu
re
m
en
t 
d
el
ay
 3
. 
C
iv
il
 
w
o
rk
s 
an
d
 l
an
d
 
ac
q
u
is
it
io
n
 d
el
ay
 
 
O
T
H
R
0
0
0
2
 
T
ab
le
 I
I:
 C
o
st
 i
m
p
ac
ts
 d
u
ri
n
g
 
2
0
0
5
-2
0
1
1
: 
Im
p
ac
t 
b
y
 c
li
en
t 
w
as
 5
6
.5
7
%
 o
f 
to
ta
l 
co
st
 
o
v
er
ru
n
 w
h
il
e 
th
e 
n
ex
t 
b
ig
g
es
t 
im
p
ac
t 
w
as
 
U
n
fo
re
se
en
 (
1
8
.7
%
).
 T
ab
le
 
II
I:
 S
ch
ed
u
le
 i
m
p
ac
ts
 d
u
ri
n
g
 
2
0
0
5
-2
0
1
1
: 
2
 l
ar
g
es
t 
im
p
ac
ts
 
w
er
e 
C
li
en
t 
(3
7
.7
9
%
) 
an
d
 
O
th
er
 (
2
3
.7
7
%
),
 t
h
e 
3
rd
 
la
rg
es
t 
im
p
ac
t 
w
as
 D
es
ig
n
 
w
h
ic
h
 w
as
 o
n
ly
 1
0
.8
6
%
 
 
N
A
U
S
0
0
0
2
 
P
ag
e 
4
4
: 
 
d
el
ay
s 
w
er
e 
m
o
st
 
fr
eq
u
en
tl
y
 
ca
u
se
d
 b
y
 
ch
an
g
es
 i
n
 t
h
e 
w
o
rk
 s
co
p
e 
(4
6
%
).
 T
h
e 
se
co
n
d
 m
o
st
 
fr
eq
u
en
t 
ca
u
se
 
w
as
 d
el
ay
ed
 
p
ay
m
en
ts
 
(2
1
%
).
 
 
A
F
U
G
0
0
0
1
 
T
ab
le
 3
: 
T
o
p
 4
 f
ac
to
rs
 
th
at
 m
ad
e 
u
p
 o
f 
7
1
.3
4
%
 
re
la
ti
v
e 
w
ei
g
h
ts
 f
o
r 
co
st
 
o
v
er
ru
n
s:
 1
. 
In
cr
ea
se
 i
n
 
m
at
er
ia
l 
p
ri
ce
s 
(2
3
.0
8
%
) 
2
. 
in
fl
at
io
n
 (
2
1
.8
4
%
) 
3
. 
D
if
fi
cu
lt
ie
s 
in
 o
b
ta
in
in
g
 
co
n
st
ru
ct
io
n
 m
at
er
ia
ls
 a
t 
o
ff
ic
ia
l 
cu
rr
en
t 
p
ri
ce
s 
(1
3
.6
3
%
) 
4
. 
R
ea
so
n
s 
th
at
 
y
ie
ld
 c
o
n
st
ru
ct
io
n
 d
el
ay
s 
(1
2
.7
9
%
) 
 
E
U
T
R
0
0
0
1
 
T
ab
le
 2
: 
T
o
p
 3
 
re
as
o
n
s 
th
at
 
ac
co
u
n
te
d
 f
o
r 
d
el
ay
: 
1
. 
L
en
g
th
y
 
p
ro
ce
d
u
re
 f
o
r 
co
n
tr
ac
t 
ev
al
u
at
io
n
 
an
d
 a
w
ar
d
 2
. 
P
ro
cu
re
m
en
t 
d
el
ay
 
3
. 
C
iv
il
 w
o
rk
s 
an
d
 
la
n
d
 a
cq
u
is
it
io
n
 
d
el
ay
 
 
O
T
H
R
0
0
0
2
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T
ab
le
 2
: 
T
o
p
 3
 
re
as
o
n
s 
th
at
 
ac
co
u
n
te
d
 f
o
r 
d
el
ay
: 
1
. 
L
en
g
th
y
 
p
ro
ce
d
u
re
 f
o
r 
co
n
tr
ac
t 
ev
al
u
at
io
n
 
an
d
 a
w
ar
d
 2
. 
P
ro
cu
re
m
en
t 
d
el
ay
 
3
. 
C
iv
il
 w
o
rk
s 
an
d
 
la
n
d
 a
cq
u
is
it
io
n
 
d
el
ay
 
 
O
T
H
R
0
0
0
2
 
T
ab
le
 3
: 
T
o
p
 4
 
re
as
o
n
s 
th
at
 
re
su
lt
in
g
 t
h
e 
m
o
st
 
ad
d
it
io
n
al
 t
im
e:
 1
. 
S
u
b
su
rf
ac
e 
co
n
d
it
io
n
s 
2
. 
A
rc
h
it
ec
tu
ra
l 
fe
at
u
re
 r
el
at
ed
 i
ss
u
e 
3
. 
D
es
ig
n
 S
ta
n
d
ar
d
/ 
S
p
ec
 c
h
an
g
e 
4
. 
L
o
ca
l 
g
o
v
er
n
m
en
t 
ag
re
em
en
t 
m
o
d
if
ic
at
io
n
 
 
N
A
U
S
0
0
0
4
 
T
ab
le
 1
4
: 
T
o
p
 5
 d
el
ay
 
ca
u
se
s 
an
d
 r
el
at
ed
 g
ro
u
p
s:
 
1
. 
P
o
li
ti
ca
l 
si
tu
at
io
n
 
(E
x
te
rn
al
) 
2
. 
S
eg
m
en
ta
ti
o
n
 
o
f 
th
e 
W
es
t 
B
an
k
 a
n
d
 
li
m
it
ed
 m
o
v
em
en
t 
b
et
w
ee
n
 
ar
ea
s 
(E
x
te
rn
al
) 
3
. 
A
w
ar
d
 
p
ro
je
ct
 t
o
 l
o
w
es
t 
b
id
 p
ri
ce
 
(P
ro
je
ct
) 
4
. 
P
ro
g
re
ss
 
p
ay
m
en
t 
d
el
ay
 b
y
 o
w
n
er
 
(O
w
n
er
) 
5
. 
S
h
o
rt
ag
e 
o
f 
eq
u
ip
m
en
t 
(M
at
er
ia
ls
) 
 
M
E
P
S
0
0
0
2
 
T
ab
le
 2
: 
T
o
p
 3
 
re
as
o
n
s 
th
at
 
ac
co
u
n
te
d
 f
o
r 
d
el
ay
: 
1
. 
L
en
g
th
y
 
p
ro
ce
d
u
re
 f
o
r 
co
n
tr
ac
t 
ev
al
u
at
io
n
 a
n
d
 
aw
ar
d
 2
. 
P
ro
cu
re
m
en
t 
d
el
ay
 3
. 
C
iv
il
 
w
o
rk
s 
an
d
 l
an
d
 
ac
q
u
is
it
io
n
 d
el
ay
 
 
O
T
H
R
0
0
0
2
 
T
ab
le
 1
0
: 
R
ed
 z
o
n
e 
fa
ct
o
rs
 
an
d
 t
h
ei
r 
re
la
te
d
 g
ro
u
p
s:
 1
. 
P
o
li
ti
ca
l 
si
tu
at
io
n
 2
. 
F
lu
ct
u
at
io
n
 o
f 
p
ri
ce
s 
o
f 
m
at
er
ia
ls
 3
. 
E
co
n
o
m
ic
 
in
st
ab
il
it
y
 4
. 
C
u
rr
en
cy
 
ex
ch
an
g
e 
5
. 
L
ev
el
 o
f 
co
m
p
et
it
o
rs
 6
. 
N
u
m
b
er
 o
f 
co
m
p
et
it
o
rs
 7
. 
P
re
v
io
u
s 
ex
p
er
ie
n
ce
 o
f 
co
n
tr
ac
t 
8
. 
P
ro
je
ct
 f
in
an
ci
n
g
 9
. 
In
fl
at
io
n
ar
y
 p
re
ss
u
re
 1
0
. 
C
o
n
tr
ac
t 
m
an
ag
em
en
t 
 
M
E
P
S
0
0
0
3
 
3
 m
ai
n
 
re
as
o
n
s:
 
C
o
n
tr
ac
to
r-
re
la
te
d
 
(2
5
%
),
 
o
w
n
er
s'
 
in
ex
p
er
ie
n
ce
 
in
 
co
n
st
ru
ct
io
n
 
(2
2
%
),
 
m
at
er
ia
l-
re
la
te
d
 (
1
3
%
) 
 
M
E
K
W
0
0
0
2
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P
ag
e 
4
3
: 
 
E
ig
h
ty
-f
o
u
r 
p
er
 c
en
t 
o
f 
th
e 
co
st
 
o
v
er
ru
n
s 
w
er
e 
ca
u
se
d
 
b
y
 c
h
an
g
e 
in
 
w
o
rk
 
sc
o
p
es
. 
 
A
F
U
G
0
0
0
1
 
P
ag
e 
1
2
5
3
: 
[c
o
st
 
o
v
er
ru
n
] 
d
u
e 
to
 
d
es
ig
n
 e
rr
o
rs
, 
o
m
is
si
o
n
s 
an
d
 
in
ap
p
ro
p
ri
at
e 
o
p
ti
o
n
s,
 i
n
ad
eq
u
at
e 
co
n
tr
ac
t 
sy
st
em
s 
(u
n
it
 p
ri
ce
 a
n
d
 
d
ir
ec
t 
aw
ar
d
in
g
),
 
p
re
m
iu
m
 c
la
u
se
s,
 
la
te
 s
it
e 
d
is
p
o
sa
l 
an
d
 d
ir
ec
t 
an
d
 
ca
rd
in
al
 c
h
an
g
es
 
 
E
U
P
T
0
0
0
1
 
P
ag
e 
1
2
5
3
: 
[c
o
st
 
o
v
er
ru
n
] 
d
u
e 
to
 
in
co
m
p
le
te
 d
es
ig
n
 a
t 
th
e 
p
ro
cu
re
m
en
t 
p
h
as
e,
 d
ef
ic
ie
n
t 
co
n
tr
ac
t 
d
o
cu
m
en
ts
, 
ca
rd
in
al
 c
h
an
g
es
 d
u
e 
to
 t
h
e 
ch
an
g
e 
o
f 
sc
o
p
e,
 d
ir
ec
t 
ch
an
g
es
, 
d
if
fe
re
n
t 
si
te
 c
o
n
d
it
io
n
s 
an
d
 
d
el
ay
ed
 s
it
e 
d
is
p
o
sa
l 
 
E
U
P
T
0
0
0
1
 
T
ab
le
 1
: 
T
o
p
 1
0
 c
o
st
 o
v
er
ru
n
 f
ac
to
rs
: 
1
. 
F
lu
ct
u
at
io
n
 i
n
 p
ri
ce
s 
o
f 
ra
w
 
m
at
er
ia
ls
 2
. 
U
n
st
ab
le
 c
o
st
 o
f 
m
an
u
fa
ct
u
re
d
 m
at
er
ia
ls
 3
. 
H
ig
h
 c
o
st
 
o
f 
m
ac
h
in
er
ie
s 
4
. 
L
o
w
es
t 
b
id
d
in
g
 
p
ro
cu
re
m
en
t 
m
et
h
o
d
 5
. 
P
o
o
r 
p
ro
je
ct
 
(s
it
e)
 m
an
ag
em
en
t/
 P
o
o
r 
co
st
 c
o
n
tr
o
l 
6
. 
L
o
n
g
 p
er
io
d
 b
et
w
ee
n
 d
es
ig
n
 a
n
d
 
ti
m
e 
o
f 
b
id
d
in
g
/t
en
d
er
in
g
 7
. 
W
ro
n
g
 
m
et
h
o
d
 o
f 
co
st
 e
st
im
at
io
n
 8
. 
A
d
d
it
io
n
al
 w
o
rk
 9
. 
Im
p
ro
p
er
 p
la
n
n
in
g
 
1
0
. 
In
ap
p
ro
p
ri
at
e 
g
o
v
er
n
m
en
t 
p
o
li
ci
es
 
 
M
E
P
K
0
0
0
1
 
T
ab
le
 8
: 
5
 m
aj
o
r 
so
u
rc
es
 o
f 
d
el
ay
 
an
d
 c
o
st
 o
v
er
ru
n
 i
n
 O
m
an
: 
1
. 
O
w
n
er
 i
n
st
ru
ct
s 
ad
d
it
io
n
al
 w
o
rk
s 
2
. 
O
w
n
er
 i
n
st
ru
ct
s 
m
o
d
if
ic
at
io
n
 t
o
 
d
es
ig
n
 3
. 
N
o
 a
v
ai
la
b
il
it
y
 o
f 
co
n
st
ru
ct
io
n
 m
an
u
al
s 
an
d
 
p
ro
ce
d
u
re
s 
fo
r 
p
ro
je
ct
 c
o
n
st
ru
ct
io
n
 
in
 O
m
an
 4
. 
N
o
 a
v
ai
la
b
il
it
y
 o
f 
en
g
in
ee
ri
n
g
 l
ic
en
si
n
g
 f
o
r 
en
g
in
ee
rs
 
in
 O
m
an
 t
o
 m
ai
n
ta
in
 t
h
e 
q
u
al
it
y
 o
f 
co
n
su
lt
an
cy
 s
er
v
ic
es
 5
. 
P
o
o
r 
co
m
m
u
n
ic
at
io
n
 b
et
w
ee
n
 r
el
ev
an
t 
g
o
v
er
n
m
en
ta
l 
u
n
it
s 
an
d
 t
h
e 
o
w
n
er
 
 
M
E
O
M
0
0
0
1
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T
ab
le
 I
V
 D
el
ay
 
b
y
 f
ac
to
rs
 b
y
 
re
sp
o
n
si
b
il
it
y
: 
O
w
n
er
 g
ro
u
p
 
h
as
 1
8
 f
ac
to
rs
, 
C
o
n
tr
ac
to
r 
g
ro
u
p
 h
as
 5
 
fa
ct
o
rs
, 
an
d
 
jo
in
-
re
sp
o
n
si
b
il
it
y
 
g
ro
u
p
 h
as
 3
 
fa
ct
o
rs
. 
 
A
S
K
R
0
0
0
2
 
T
ab
le
 6
 -
 M
aj
o
r 
fa
ct
o
rs
 a
cc
o
u
n
ta
b
le
 
fo
r 
n
o
n
-p
er
fo
rm
an
ce
: 
1
. 
p
ri
ce
 
fl
u
ct
u
at
io
n
s 
2
. 
F
in
an
ci
n
g
 a
n
d
 p
ay
m
en
t 
o
f 
co
m
p
le
te
d
 w
o
rk
s 
3
. 
P
o
o
r 
co
n
tr
ac
t 
m
an
ag
em
en
t 
4
. 
D
el
ay
s 
5
. 
C
h
an
g
e 
in
 
si
te
 c
o
n
d
it
io
n
s 
6
. 
S
h
o
rt
ag
e 
o
f 
m
at
er
ia
ls
 7
. 
In
ac
cu
ra
te
 e
st
im
at
es
 8
. 
D
es
ig
n
 c
h
an
g
es
 9
. 
A
d
d
it
io
n
al
 w
o
rk
 
1
0
. 
Im
p
o
rt
ed
 m
at
er
ia
ls
 a
n
d
 p
la
n
t 
it
em
s 
1
1
. 
S
u
b
co
n
tr
ac
to
rs
 a
n
d
 n
o
m
in
at
ed
 s
u
b
 
su
p
p
li
er
s 
1
2
. 
W
ea
th
er
 1
3
. 
F
ra
u
d
u
le
n
t 
p
ra
ct
ic
es
 a
n
d
 k
ic
k
 b
ac
k
s 
 
A
F
N
G
0
0
0
2
 
 
D
el
ay
 i
n
 h
o
n
o
ri
n
g
 
p
ay
m
en
t 
ce
rt
if
ic
at
es
, 
P
o
o
r 
ca
sh
 f
lo
w
 i
n
 p
ro
je
ct
 
,P
o
o
r 
co
n
tr
ac
to
r 
su
p
er
v
is
io
n
, 
In
su
ff
ic
ie
n
t 
co
m
m
u
n
ic
at
io
n
 b
et
w
ee
n
 
p
ar
ti
es
, 
D
eL
ay
 i
n
 
in
st
ru
ct
io
n
 
,U
n
d
er
es
ti
m
at
io
n
 o
f 
co
n
tr
ac
t 
ti
m
e,
 P
o
o
r 
p
ro
fe
ss
io
n
al
 
m
an
ag
em
en
t,
 C
li
en
t 
in
it
ia
te
d
 
v
ar
ia
ti
o
n
s/
ch
an
g
e 
o
rd
er
s,
 
In
ad
eq
u
at
e 
sk
il
l 
an
d
 
ex
p
er
ie
n
ce
 o
f 
co
n
tr
ac
to
r 
st
af
f,
 P
o
o
r 
si
te
 
m
an
ag
em
en
t 
A
F
K
E
0
0
0
1
 
T
ab
le
 5
: 
D
es
ig
n
 
ch
an
g
es
 w
er
e 
re
sp
o
n
si
b
le
 f
o
r 
7
9
%
 o
f 
re
w
o
rk
 
co
st
s.
 T
h
e 
sa
m
e 
is
su
e 
h
ap
p
en
ed
 
in
 o
th
er
 r
es
ea
rc
h
 
in
 l
at
er
 y
ea
rs
 
w
h
ic
h
 m
ea
n
s 
th
is
 i
ss
u
e 
h
as
 
b
ee
n
 u
n
aw
ar
e 
o
f 
o
r 
d
if
fi
cu
lt
 t
o
 f
ix
 
 
N
A
U
S
0
0
0
1
 
T
ab
le
 1
1
: 
In
 2
9
6
 
d
o
m
es
ti
c 
(U
S
A
) 
p
ro
je
ct
s,
 D
es
ig
n
 
er
ro
rs
 a
n
d
 
O
w
n
er
 c
h
an
g
es
 
ar
e 
th
e 
tw
o
 
g
re
at
es
t 
so
u
rc
es
 
th
at
 c
au
se
 
re
w
o
rk
 r
an
k
ed
 
b
y
 c
o
st
s,
 b
o
th
 
ag
re
ed
 b
y
 d
at
a 
fr
o
m
 o
w
n
er
s 
an
d
 
co
n
tr
ac
to
rs
 
 
O
T
H
R
0
0
0
1
 
D
es
ig
n
 e
rr
o
rs
 
an
d
 
p
ro
d
u
ct
io
n
 
m
an
ag
em
en
t 
m
is
ta
k
es
 
(f
ro
m
 
co
n
tr
ac
to
rs
) 
ac
co
u
n
te
d
 f
o
r 
o
v
er
 5
0
%
 o
f 
re
w
o
rk
 c
o
st
s 
(2
6
%
 a
n
d
 2
5
%
 
re
sp
ec
ti
v
el
y
) 
 
E
U
S
E
0
0
0
1
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C
o
n
fl
ic
t 
b
et
w
ee
n
 
sp
ec
if
ic
at
io
n
s 
an
d
 
d
ra
w
in
g
s 
re
m
ai
n
ed
 a
 
m
aj
o
r 
is
su
e,
 
ac
co
u
n
te
d
 
fo
r 
1
9
%
 o
f 
ch
an
g
e 
o
rd
er
s 
 
E
U
U
K
0
0
0
1
 
P
ag
e 
2
5
: 
D
o
cu
m
en
ta
ti
o
n
 
d
u
e 
to
 d
es
ig
n
 
ch
an
g
es
 a
n
d
 
o
m
is
si
o
n
s 
in
it
ia
te
d
 b
y
 
cl
ie
n
ts
 a
n
d
 e
n
d
 
u
se
rs
 a
p
p
ea
rs
 t
o
 
b
e 
a 
re
g
u
la
r 
o
cc
u
rr
en
ce
 i
n
 
A
u
st
ra
li
an
 
p
ro
je
ct
s.
 
C
li
en
t 
d
em
an
d
s 
m
ay
 i
n
fl
u
en
ce
 
th
e 
q
u
al
it
y
 o
f 
co
n
tr
ac
t 
d
o
cu
m
en
ta
ti
o
n
 
p
ro
d
u
ce
d
, 
as
 
er
ro
rs
 a
n
d
 
o
m
is
si
o
n
s 
m
ay
 
em
er
g
e 
th
at
 c
an
 
re
su
lt
 i
n
 r
ew
o
rk
 
an
d
 t
h
u
s 
ca
u
se
 
co
st
 a
n
d
 
sc
h
ed
u
le
 
o
v
er
ru
n
s.
 
O
C
A
U
0
0
0
1
 
- 
P
ro
je
ct
: 
d
es
ig
n
 c
h
an
g
es
, 
co
n
st
ru
ct
io
n
 c
h
an
g
es
, 
an
d
 
d
es
ig
n
 e
rr
o
rs
 a
cc
o
u
n
te
d
 f
o
r 
9
2
%
 o
f 
re
w
o
rk
 c
o
st
, 
m
o
st
 o
f 
th
em
 w
er
e 
ca
u
se
d
 b
y
 c
h
an
g
es
 
re
q
u
ir
ed
 b
y
 e
n
d
-u
se
rs
 
- 
P
ro
je
ct
 B
: 
co
n
st
ru
ct
io
n
 
ch
an
g
es
 a
n
d
 e
rr
o
rs
 a
cc
o
u
n
te
d
 
fo
r 
5
0
%
 o
f 
re
w
o
rk
 c
o
st
s.
 
T
h
es
e 
ch
an
g
es
 w
er
e 
in
it
ia
te
d
 
b
y
 c
li
en
t 
re
p
re
se
n
ta
ti
v
e 
to
 
im
p
ro
v
e 
th
e 
p
ro
je
ct
 
fu
n
ct
io
n
al
it
y
 
 
O
C
A
U
0
0
0
3
 
T
ab
le
 4
: 
7
3
%
 o
f 
re
w
o
rk
 c
o
st
s 
o
cc
u
rr
ed
 
d
u
ri
n
g
 
D
es
ig
n
 
p
h
as
e 
 
O
C
A
U
0
0
0
2
 
T
ab
le
 1
1
: 
In
 6
4
 
in
te
rn
at
io
n
al
 
p
ro
je
ct
s,
 D
es
ig
n
 
er
ro
rs
 a
re
 t
h
e 
g
re
at
es
t 
so
u
rc
es
 
th
at
 c
au
se
 
re
w
o
rk
 r
an
k
ed
 
b
y
 c
o
st
s,
 b
o
th
 
ag
re
ed
 b
y
 d
at
a 
fr
o
m
 o
w
n
er
s 
an
d
 c
o
n
tr
ac
to
rs
 
 
O
T
H
R
0
0
0
1
 
T
h
re
e 
m
o
st
 i
m
p
o
rt
an
t 
fa
ct
o
rs
 a
s 
ag
re
ed
 b
y
 
ar
ch
it
ec
ts
, 
en
g
in
ee
rs
, 
an
d
 
q
u
an
ti
ty
 s
u
rv
ey
o
rs
: 
1
. 
S
h
o
rt
ag
e 
o
f 
m
at
er
ia
ls
 
(c
au
se
d
 b
y
 f
lu
ct
u
at
io
n
 i
n
 
av
ai
la
b
il
it
y
 a
n
d
 
u
n
aw
ar
en
es
s 
o
f 
d
es
ig
n
er
 o
n
 
av
ai
la
b
il
it
y
 o
f 
m
at
er
ia
ls
) 
2
. 
F
in
an
ce
 a
n
d
 p
ay
m
en
ts
 f
o
r 
co
m
p
le
te
d
 w
o
rk
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